ABSTRACT
INTRODUCTION
Since the discovery of crude oil in Nigeria in the late sixties, there has been a drastic shift from agriculture which was the main hub of Nigeria economy to crude oil production. Since the oil boom, agriculture, which was the major contributor to the gross domestic product (GDP) of the country (Jimoh, 2005) , has been relegated to the background. Nigeria dependence on oil revenue as the major source of income to the nation has been described as unhealthy economy because of the prevailing agitation for a cleaner source of energy than fossil fuel. As such, the government is now considering the revitalization of the agricultural sector of the economy. Some of the major tree crops that had contributed immensely to the external earnings of the country in the past included oil palm, rubber, cocoa, coffee etc. The focus of the government is to revitalize the production of some of these crops, especially cocoa and oil palm. Due to years of neglect, there has not been major improvement in cocoa production technology. This has brought down the ranking of Nigeria as the world's fourth largest producer of cocoa. Statistical record in 2005/2006 production season indicated that Nigeria produced 170,000 tons of cocoa which accounted for about 5% of global production (ICCO, 2006) . If agriculture is going to contribute immensely to the Gross Domestic Product of the country, the present contribution of cocoa (about 30%) to Nigeria's Agricultural GDP must be doubled within the next few years. Cocoa is produced by small-scale farmers on small farms ranging in size between 1 5 hectares and relying mainly on family labour (70%), hired labour (20%) and caretaker labour (10%) (Hamzat et al., 2006) . Export earnings from cocoa worth more than one hundred and twenty billion Naira annually. Also, there are over five million people employed in Nigerian Cocoa Industry ranging from peasant farmers to processors and exporters driving its value chain (Afolayan et al., 2006) .Apart from direct export earnings, bye-product from cocoa processing have been identified as potential source of ingredient for several agro-inputs including livestock feeds (Adeyina et al., 2010) . Cocoa is one of the major sources of revenue for about fourteen producing states of Nigeria (Hamzat et al., 2006) . However, the production of this important export crop in Nigeria has suffered a decline in the recent years as a result of a number of factors such as low yield arising from old and poor planting material; depletion of humid rainforest and decline in soil fertility; lack of good agricultural practices in the management of Cocoa plantation (Iremiren et al., 2012) and the prevalence of malaria among farmers which has been reported to account for about 3% loss in the GDP from the agricultural sector (Jimoh, 2005) . There is an urgent need for improvement in all the series of activities from site selection to primary processing that will ensure sustainable Cocoa farming in Nigeria. As a first step towards the revitalization of cocoa production in Nigeria, it is the objective of this study to re-evaluate the suitability of the soils of Etung Local Government Area (LGA) which is one of the major cocoa producing hubs and to suggest possible management practices that could ensure high productivity and sustainability of cocoa production in this LGA.
Abonita and Bikpare. The flexible grid survey method was used for sampling. At each sampling point, samples were collected from the surface to a depth of 90 cm at intervals of 15 cm. The samples collected were described morphologically (colour, texture, consistency, stoniness, root abundance, colour mottles etc.) in-situ. Similarities in the above mention properties were used in locating the mapping units. Eight mapping units were delineated at the end of the survey exercise and a profile pit was dug in each of the mapping units. The profiles were located at Ogaranjor plantation (between Ajassor Mission and CRIN), Three Corner, Ajassor Village, Okoroba road, Effraya, ADC plantation, Agbokim Camp 2, Bikpare village and Effraya town. Soil samples were taken from the pedogenic horizons of these profile pits. The collected samples were air dried and passed through 2 mm sieve before the samples were used for laboratory analyses. The laboratory analyses carried out included the particle size distribution using the hydrometer method (Day, 1982) , the pH was determined with glass electrode pH meter in soil: water and soil: KCl media, each at ratio 1: 1 (Maclean, 1982) , organic carbon by wet oxidation method (Nelson and Sommers, 1975) , total nitrogen by Kjeldahl method, available P was extracted with Bray-1 (Anderson and Igram, 1993) and P concentration in the extract was determined using the vanado-+3 + molybdate blue method (Murphy and Riley, 1962) . Total exchangeable acidity (H + Al ) was extracted with molar KCl and determined by titration method (FAO, 2007) . Exchangeable cations (calcium, magnesium, potassium and sodium) were extracted with neutral normal sodium acetate (NH OAc at pH 7.0). Calcium and magnesium in the ammonium acetate extract were determined 4 by atomic absorption spectrophotometry, while potassium and sodium were determined by flame photometry. The effective cation Exchange capacity (ECEC) was determined by the summation of the exchangeable bases (Ca, Mg, Na and K) and exchangeable acidity. Available micronutrients (Zn, Cu, Fe and Mn) were extracted with 0.04M EDTA and their concentrations determined by AAS, while boron was extracted using the hot water method (FAO, 2007) . The saturated hydraulic conductivity (Ks) was determined by constant head soil core method of Reynolds (1993) Where Qw is the volume of water (cm ) that flowed through a cross-sectional area A (cm ) in time (t), and h is the hydraulic head difference (cm) imposed across the sample length d (cm). The parametric linear model of land evaluation (Uddoh, 2008; Ajiboye et al., 2011) was used for the quantitative land evaluation. Each pedon was assigned to a suitability class by matching its characteristics and qualities (Tables 3 and 4) with the land requirements for cocoa production (Table 1) following the rating of the characteristics ( Table 2 ). The most limiting characteristic in a group determines performance of the group according to Liebig's Law of minimum and this was applied to the performance or suitability of a soil type. The group of land qualities considered for evaluation include: climate (c), topography (t), drainage characteristics (w), soil physical characteristics (s) and soil chemical fertility (f). The soil fertility (f) was assessed using the soil reaction (pH), level of macro and micro nutrients. The fertility requirements used by Fasina et al., (2007) , Ritung et al., (2007) were modified using the critical soil conditions presented by Ibiremo et al., (2011) . According to these authors, the soil critical fertility requirements for cocoa production are 0.9 g/kg N, 30.0 g/Kg OC, C/N ratio of 9; pH in water ranging from 5 8; 10.0 mg/Kg P, 0.30 cmolc/Kg K, 5 cmolc/Kg Ca, 0.9 cmolc/Kg Mg, base saturation of 60% and Ca/Mg ratio of 1 3 (Table 1 ). However, most of these data did not consider the role of the soil micronutrients in the performance of Cocoa. FFD (2011) indicated that Zinc deficiency can affect Cocoa seedling while Boron was only recommended at the rate of 30 g of Borax per plant in mature F3 Amazon. In computing the potential suitability for cocoa production, the fertility factors that can be amended by fertilizer additions and management practices were excluded. These factors include the level of available micro-nutrients (Cu and Boron), the levels of N, P, K and the organic matter content of the soil. However, the soil ECEC, percent base saturation and pH were considered. The current suitability was computed linearly using index of current (actual) productivity (IPC) of Storie (1933) IP = A × B/100 × S/100 × C/100 ×….. F/100 -----(i) C Where, IP is index of current (actual) productivity, A the overall least rating characteristic and B, C..... C are the least rating characteristic for each land quality group. The potential suitability (IP ) was similarly computed using the potential index of productivity P The IPc and IPp were also computed using the square root model as stated below: IPc = A (SQRT (B/100 × S/100 × C/100 ×….. F/100)) -----(ii) Where, SQRT is square root, A the overall least characteristic rating and B, C..... were the least rating characteristic for each land quality group Table 1 : Land Requirements for suitability evaluation of Cocoa C-60s = clay, blocky structure; C+60s = fine clay, blocky structure, SC= sandy clay; SCL = sandy clay loam; Lfs = loamy fine sand, Cm = massive clay; cS = coarse sand. Source: Ibiremo et al., (2011); Ritung et al., (2007) as modified by Ajiboye G. A. 
RESULTS

The Climate of Etung Local Government Area
Climatic data for Etung Local Government Area (ETLGA) was not available. Therefore, data from Ikom meteorological station which was used by Grace et al., (2013) for the prediction of the impact of rainfall on cocoa production in this LGA is presented here.
The long term (30 years) mean total monthly rainfall from for Ikom meteorological station indicated that the Local Government Area has typically single maximum rainfall pattern with August having the highest average monthly precipitation of about 615 mm while January had the least mean monthly precipitation of about 22 mm. The annual total rainfall ranged from 1762.4 to 4381.1 mm. The total number of rainy days averaged 161 days while the frequency of rainfall is highest in August with an average of 26 rainy days and least in December with about 3 rainy days. Etung Local Government Area has less than two dry months in a year. Similarly, the relative humidity is high throughout the year and ranged from 66.5% in February to 85% in August. Spot data collected by Cyprian et al., (2013) indicated that the total annual rainfall for Etung LGA in 2013 was 3123 mm.
The trend of the rainfall showed that the total annual rainfall is increasing; indicating that both the mean monthly rainfall as well as the duration of the rainfall is expected to increase further from what is presently recorded. This has a very serious implication for the productivity of cocoa in the highly leached and extremely acid soils. The incidence of Black pod disease of cocoa is also likely to be on the increase. The average annual temperature is about 29.80 ºC and ranged from 29.0ºC in December to 31.750ºC in March. Minimum temperature in the area ranged from 20ºC to 24ºC, highest in November and lowest in between December and January, while the mean maximum temperature ranges between 28ºC and 33ºC. The observed pattern of temperature regime is strongly influenced by the movement of the Inter-tropical Convergence Zone (ITCZ), wind direction and distance from the Atlantic Ocean. The ITCZ is responsible for the double temperature peak often experienced over the project area. The highest annual temperature reading occurs between March and April, while the lowest annual temperature usually occurs in August. Both the minimum and maximum temperature showed increasing trend. This may probably be in line with the general increase in global temperature. As such, the temperature of the area is expected to increase further.
The Soil Physical and Morphological Characteristics
The soils are deep, well drained with some of the profiles having gravel (quartz) at the second or third horizon (Table 3 ). The soils had sand particle size fraction that ranged from 24.4 to 87% and the sand content of the soils generally decreased with increase in soil depth. The silt content of the soil was lower than either the sand or clay content of the soils and ranged from 2.8 to 14.8% while the clay content of the soils ranged from 9.6 to 68.8%. In all the pedon, there was increase in the clay content with increase in soil depth. However, only four pedons (ELG1, ELG5, ELG7 and ELG8) had clay bulge in the B horizon. The texture of the soils ranged from loamy sand or sandy loam in the surface horizons to clay or heavy clay in the subsurface horizons. moderate (1.84 g cm ). The surface horizons of the pedons had the lowest bulk density. The total porosity was moderate in all the pedons and ranged from 25.96 to 59.78%. In terms of colour, the soils can be grouped into two (mapping units) units because of the contrasting colour hue in the surface and subsurface horizons. Pedons ELG1, ELG2, ELG3, ELG4 and ELG8 had soil colour hue of 10 YR in the surface horizons with colour values that ranged from 3 to 5 while the colour chroma ranged from 1 to 6. Thus, the surface horizons of these pedon had colour variation between yellowish brown and dark gray. The subsurface horizons of these pedon had different shades of colour including 2.5Y, 10YR and 7.5YR. The subsurface colour ranged from white (2.5Y 8/2) to reddish yellow (7.5YR 6/6). Most of the soil in this group had few many, very fine medium, diffuse sharp and faint prominent mottles. The mottles colour ranged from 10 YR to 10 R with colour value that ranged from 4 to 6 while the chroma ranged from 4 to 8. The soils in this group are generally termed as the "white soils" by the local farmers in this area because the colour looks whitish when observed at a distance. Pedons ELG5, ELG6 and ELG7 had different colour matrix with soil colour hue of 5 YR in the surface horizons with colour values that ranged from 3 to 4 while the colour chroma ranged from 4 to 6. These pedons had surface colour that ranged from dark reddish brown (5YR 3/3) to yellowish red (5YR 4/6). Contrary to the "white soils", the subsurface horizons of the soils in this group had colour hue of 5YR, colour value that ranged from 3 to 4 and colour chroma which ranged from 4 to 6. As such, the subsurface colour ranged from dark reddish brown to yellowish red. The soils in this group are termed "red" soils by the local farmers and are preferred for cocoa production than the "white soils". The soil had structures that varied from fine-sub-angular-blocky (fsbk) in the surface horizon to coarse-sub angular-blocky (csbk) in the sub soil. The consistency of the soils ranged from very friable in the surface to firm in the subsurface.
The soils had low-moderate saturated hydraulic conductivity (0 -15.32 cm h ), moderate bulk density (0.91 1.84) and low moderate total porosity (25.96 59.78%). There was a general decrease in the Ks with increasing depth from the surface. Conversely, there was a general increase in the bulk density with increase in soil depth.
The Soil's Chemical Properties
The soil reaction ranged from extremely acid to moderately acid (4.20 6.65 in distilled water) and from extremely acid to very strongly acid (3.45 4.90 in KCl). The organic carbon content of the soil ranged from 3.59% in the surface horizon to 0.04% in the subsurface horizon. Generally the organic carbon content of the soil decreased expectedly with increase in soil depth. Like in most Nigerian soils, the total nitrogen contents of the soils were very low (<0.10%) in the subsurface horizons but slightly higher (0.11 -0.267%) in the surface horizons ( Table 4 ). The carbon nitrogen ratio (C: N) of the soils ranged from1.39 to13.47 and generally decreased with increase in soil depth. The available phosphorus content of the soils (Bray 1) ranged from very (very low) to 8.11 mg kg (very high).
Land Evaluation
The climate conditions of Etung Local Government Area (ELG) are rated as S2, S1 and S1 in term of rainfall, relative humidity and length of dry season respectively (Table 5 ). This is because the mean annual rainfall which ranged from 2900 3000mm is considered to be excessive (Fasina et al., 2007) . The slope, drainage and flooding conditions of all the pedons are rated as S1. The average soil rooting depth which is greater than 150 cm in all the pedons is also rated as S1. Similarly, in term of surface stoniness presence of rock outcrop, all the pedons are rated as S1. The textural and structural classes of the soils which include sandy loam in the surface horizons to sandy clay loam, sandy clay or clay in the subsurface horizons is rate as S1 for pedons ELG2, ELG5 ELG6 and ELG7 and S2 in pedon ELG3 and ELG4 while pedons ELG1 and ELG8 are rated as S3. Apart from the base saturation which was high and rated as S1 in pedons ELG1 ELG7 and S2 in pedon ELG8, all the other fertility requirements considered for this evaluation were sub-optima and were rate different between S2 and S3. The most limiting fertility parameter is the apparent cation exchange capacity which is rated as N2 in all the pedons. Also the pH of the soil was low and qualifies all the pedon as S3 soils. In some of the pedons, the level of boron and copper were also low and rated either as N1 or N2.
Cumulatively, the aggregate actual suitability class of all the pedons either by the linear parametric or square root model is N2, suggesting that the soils are not currently suitable for cocoa production (Tables 5 and 6 ). However, with adequate application of the appropriate type of fertilizers, the productivity of the soils could be improved. Thus, the potential suitability which is a reflection of what is expected after good soil fertility management is marginal (S3) for all the pedons except pedons ELG1 and ELG8 where the soil will still remain as unsuitable (N1) after the amendment of the fertility status of the soil (Tables 5 and 6 ). The only difference in the results computed by the two models (Linear and Square root models) is that while the linear model rated pedons ELG1 and ELG8 as potentially unsuitable (N1), the square root model rated these pedons as potentially marginally suitable (S3). Thus apart from the fertility status of these soils, there are other factors, especially, the relative humidity of the driest month and some other soil physical properties (soil structure and texture) that need amendment before the productive capacity of the soils can become highly suitable for cocoa production. (S2) 62 (S2) Mean annual temperature (O°C) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Length of Dry season (Months) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Relative humidity (driest month) 45 (S3) 45 (S3) 45 (S3) 45 (S3) 45 (S3) 45 (S3) 45 (S3) 45 (S3) Topography (T) Slope (%) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Erosion Hazard 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Wetness (W) Flooding 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Drainage 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Soil Physical Properties (S) Texture/Structure 54 (S3) 100 (S1) 69 (S2) 69 (S2) 100 (S1) 100 (S1) 100 (S1) 50 (S3) Coarse fragment (%) 100 (S1) 100 (S1) 64 (S2) 40 (S3) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Soil depth (cm) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) 100 (S1) Surface stoniness (%) 
DISCUSSION
The long term average annual rainfall ranging from 2500 3500mm is counter-productive (Cyprian et al., 2013; Grace et al., 2013) . This high rainfall is probably the cause of excessive leaching of soluble bases leading to the low pH observed in these soils. According to the report of several authors, high rainfall results in the leaching of soluble nutrient elements including K, Na, Mg, K and nitrogen (Onweremadu and Uhuegbu, 2007; Yasin et al., 2010) . Apart from its effect on soil nutrient status, high rainfall was reported to be negatively correlated with the incidence of Black-pod disease of cocoa while high relative humidity within cocoa plantation was implicated in the high incidence of black pod disease of cocoa caused by Phythophtora palmivora (Lawal and Emaku, 2007) . The low pH of the soils has implication for the management of applied phosphorus fertilizers. At pH below 5.5, it has been reported that most of the applied P are fixed by iron and aluminum oxides (Agbenin, 2003; Igwe et al., 2005) . The application of copper-based fungicides for the control of has also been reported to be the major cause of the high Cu status of the surface horizons in tree crop plantation soils (Brun et al., 1998; Gallagher et al., 2001; Van Zwieten et al., 2004) . Recommending fertilizer and soil management practices for these soils requires a careful study of the fertilizer types, rates and method of application that will result in the optima performance of the soils.
CONCLUSION AND RECOMMENDATIONS
The nutrient holding capacities of these soils as indicated by the CEC were very low and the rainfall both in amount and intensity were very high in Etung Local Government Area. These two factors combined with the low pH, high Fe and Mn contents of the soils call for caution in the type and method of fertilizer application on the soil. Fertilizers having appreciable amount of CaO and MgO in addition to N, P and K will be of uttermost benefit to cocoa production in this Local Government. Therefore, the recommended rate of N, P, K for low fertility soils (FFD, 2011) could be adopted using non-acidifying fertilizer sources with quantities of MgO and CaO that will be sufficient to raise the pH of the soils above 5.5 and good supply of Ca and Mg. From several studies on soil fertility management in high rainfall and acidic soils, the use of organic manures and partially acidulated phosphate rocks as fertilizer sources is highly recommended. In terms of application of the mineral fertilizers, split application is recommended to prevent leaching that may result from the high rainfall amount and intensity in this region.
